Summary. The postharvest performance of early ripening southern highbush blueberries 'Sharpblue' and 'Gulfcoast' was evaluated under storage and simulated retail conditions. In general, 'Gulfcoast' fruit were 28% heavier than those of 'Sharpblue', which had a higher percent soluble solids concentration (SSC) and lower titratable acidity (TA). Quality loss, as indexed by fresh weight, percent decayed fruit, or changes in SSC, pH, or TA, was insignificant in first-harvest fruit of either cultivar when kept in storage (2C) for up to 7 days. Transfer of fruit stored at 2C for 3 days to simulated retail conditions at 21C for 4 days significantly increased fresh weight loss and decay, but not beyond levels deemed unmarketable. Second-harvest fruit were smaller than first-harvest fruit, and those of 'Sharpblue' fruit were more prone to decay. However, storage quality of both cultivars was acceptable through 11 days at 2C. Retail quality, as influenced by decay incidence, was acceptable after 3 days at 2C plus 4 days at 21C, but not after 3 days at 2C plus 8 days at 21C. Overall, fruits of these early ripening southern highbush blueberry cultivars performed well under postharvest conditions and are suitable for expanding production of premium fresh blueberries by growers in the Gulf coastal plains. (Lyrene, 1990) ] have been selected for low chilling requirements and short fruit-development periods. These traits provide growers of rabbiteye blueberries with the potential to achieve a longer marketing window and higher fresh-market prices, based on domestic and international market trends for early fruits (Lang and Danka, 1991a) . Commercial low-chill southern highbush production originated in Florida (Lyrene and Sherman, 1984) during the mid1980s with 'Sharpblue'. Rapid expansion of production is expected during the 1990s due to recent releases of new cultivars adapted to the Gulfstates from Texas to North Carolina (e.g., Ballington et al., 1990a Ballington et al., , 1990b Krewer, 1987) .
There is potential for early market blueberries in the most southern U.S. production areas, beginning with central Florida and continuing north along the coastal plains to the Carolinas and west to southeast Texas. Low-chilling-requirement highbush blueberries selected for these areas include the following cultivars. 'Avonblue', 'Flordablue', and 'Sharpblue' were released in the mid-1970s Sherman, 1976a, 1976b; Sherman and Sharpe, 1977) ; the former two have performed relatively poorly since release, while the latter has become the early ripening industry standard. 'Marimba' and 'Misty' are recent releases that have not been widely tested (Sherman and Lyrene, 1991) . 'Gulfcoast' was released in the mid-1980s (Krewer, 1987 and has shown promise for good plant vigor, large fruit, and relative self-fruitfulness (Lang and Danka, 1991a, 1991b) compared with 'Sharpblue'. 'Gulfcoast', 'Cooper', 'Georgiagem', and 'O'Neal' also appear to be suited to the rest of the Gulf coastal plains production regions.
Fruit quality and performance under storage or retail conditions are important considerations in cultivar selection for high value, premium freshmarket fruits. Shelf life (Ballinger et al., 1978) and susceptibility to decay (Ballinger, 1983) differ among northern highbush blueberry cultivars. This study characterizes fruit quality of 'Sharpblue' and 'Gulfcoast' southern highbush blueberries at harvest, as well HortTechnology ž July/Sept. 1992 2 (3) as during storage and simulated retail conditions.
Materials and Methods
Fruit harvest and postharvest treatments. Commercially ripe fruit of 'Sharpblue' and 'Gulfcoast' were hand-harvested on 6-7 May ( first harvest) and 12-13 May (second harvest) from 4-year-old plants on raised beds at the Louisiana State Univ. Horticulture Farm in Baton Rouge, La. Harvested fruits were precooled to 2C (Cappellini et al., 1983) .
Fruits ( ≈ 150 g) from the first harvest were placed randomly in plastic mesh half-pint (225-ml) containers lined with six layers of paper tissue and covered with clear polyethylene plastic wrap kept in place by a rubber band. Storage temperature was 2C. Stored samples were removed after 0, 3, 5, and 7 days and evaluated for percent weight loss, percent decayed or moldy berries, soluble solids concentration (SSC), pH, and titratable acidity (TA).
After 3 days, some samples were transferred from 2 to 21 C to simulate retail conditions (Ceponis and Cappellini, 1985) . Fruits were evaluated after two or four additional days. There were three replications of single half-pint lots for each sampling.
The experiment was repeated with fruits from the second harvest period. The periods of storage for the second experiment were 0, 7, 11, and 15 days at 2C and 3 days at 2C plus 4, 8, and 12 days at 21C.
Fruit analyses. Fruit samples were weighed before treatment and at sampling to determine percent fresh weight loss. At sampling, all berries (except those with substantial decay) were frozen for analysis of SSC, pH, and TA. At least 30 g/sample was homogenized with a mortar and pestle, then centrifuged at 3000 × g for 15 min. The pH of the supernatant was determined with a pH meter (Orion SA-520, American Scientific Products, McGaw Park, Ill.). Percent SSC was determined with a hand-held refractometer (Atago N-20, Tokyo), and TA was titrated with 0.1 N NaOH using pH 8.1 as the endpoint and expressed as milligrams citric acid per 100 ml.
Data were analyzed by analysis of variance, and mean separations were performed by Duncan's multiple range test (SAS, 1985) .
Results
Fruit quality at harvest. As a subjective observation of quality, 'Gulfcoast' fruits were lighter blue (indicating a more desirable waxy "bloom") than 'Sharpblue'. On average, 'Gulfcoast' fruits were 28% heavier and 9% larger (Table 1) , as well as 14% firmer (data not shown) than 'Sharpblue' fruits at harvest. Consequently, half-pint packs of 'Gulfcoast' blueberries held ≈25 fewer fruits than did packs of 'Sharpblue'. 'Sharpblue' fruits had consistently higher SSC and pH and lower TA (Table 1) which resulted in an average SSC : TA ratio 51% higher than for 'Gulfcoast' fruits. Using the classification criteria of Galletta et al. (1971) , 'Gulfcoast' fruit had low to medium acidity and medium to high SSC, while 'Sharpblue' fruit had low acidity and high SSC. From these values, the data of Galletta et al. predict that both cultivars may resist decay fairly well under retail conditions for at least 7 to 10 days.
Fruit diameter, weight, and SSC decreased ≈9% from the first to the second harvest for both cultivars (Table  1) . Titratable acidity and pH were not affected by harvest date. 'Gulfcoast' fruit in storage. First-harvest fruit stored at 2C continuously or for 3 days followed by 4 days at 21C showed only a significant change in fresh weight, although losses never exceeded 3% (Table 2) . Fruit decay was low (<2%) at 2C and increased only slightly to 4.1% after four additional days at 21 C. This level of decay after 4 days of simulated retail storage is well within commercially acceptable levels. Titratable acidity, percent SSC, and pH did not change significantly.
Second-harvest fruit also exhibited little change in percent decay, percent SSC, pH, or TA and only a small loss of fresh weight during 15 days of storage at 2C (Table 2) . Likewise, quality of fruit transferred to 21 C for 4 days was similar to that of fruit stored for 11 days at 2C. Only fruit transferred to 21C for 8 days changed substantially, including significantly lower TA and SSC, increased fresh weight loss, and excessive fruit decay. Continuing storage at 21C through 12 days resulted in greatly accelerated decay, fresh weight loss, and increased pH, as well as accelerated decreases in SSC and TA (data not shown). Because the maximum storage plus retail period for premium early market fruit is ≤1 week, the postharvest quality of both first-and second-harvest 'Gulfcoast' fruit probably would be more than adequate for the premium early market.
'Sharpblue' fruit in storage. Like 'Gulfcoast', there were significant, but only minor, changes in first-harvest fruit quality components over the 7-day postharvest period, regardless of whether fruit were stored at 2C continuously or for 3 days followed by 4 days at 21C (Table 3) . Fresh weight loss and fruit decay increased only slightly after transfer to 21C. Unlike 'Gulfcoast', however, percent SSC decreased significantly during storage. The changes in TA during storage were variable, and pH did not change.
For second-harvest fruits stored at 2C, the only major changes were significant increases in fresh weight loss and fruit decay that did not exceed unacceptable levels (i.e., 20%; Ballinger et al., 1978) even after 15 days. At 2C, percent SSC, pH, and TA did not change significantly. At 21C, fresh weight loss and fruit decay increased significantly, becoming unacceptable after 8 days. Overall, second-harvest 'Sharpblue' fruit was more prone to weight loss and decay at 21C than first harvest fruit. Fruits transferred to 21C for 8 days also exhibited a significant 20% loss in titratable acidity.
Discussion
'Gulfcoast' and 'Sharpblue' southern highbush blueberries performed well under postharvest storage plus retail conditions for at least 7 days, exceeding the performance of northern highbush fruit in some other studies (Ceponis and Cappellini, 1985) . In comparing the cultivars, 'Gulfcoast' fruits were larger, firmer, and performed better under extended storage conditions, while 'Sharpblue' fruits were higher in SSC and pH and lower in TA. The better performance of 'Gulfcoast' during longer storage conditions may be a function of its significantly (≈ 40%) higher TA and its consistently lower (≈ 50%) SSC : TA ratio (Ballinger and Kushman, 1970; Galletta et al., 1971) . Fruit firmness loss did not appear to be a major quality variable affecting fruit storage and shelf life from these early market cultivars.
The quality characteristic most sensitive to postharvest temperature was decay induced by fungal organisms, although levels remained within commercial limits through 7 days of storage or storage plus retail conditions for both cultivars. The primary site of infection was at the stem-end scar, as has been noted for northern highbush blueberries (Cappellini and Ceponis, 1977) , and the predominant fungi appeared to be Colletotrichum spp. anthracnose and Botrytis spp. mold (unconfirmed observation). Cappellini et al. (1982) reported that the primary fungus responsible for decay in early harvested northern highbush fruit in Table 2 . Postharvest fruit quality characteristics for 'Gulfcoast' blueberry fruits stored at 2C and transferred to 21C. Low storage temperature (2C) greatly retarded fruit decay compared with moderate retail temperature (21C), as has been noted by others (Ballinger et al., 1978; Ceponis and Cappellini, 1985) . The rate of decay in either southern highbush cultivar at 2C was much slower than that reported for northern highbush fruit (Ceponis and Cappellini, 1983) . This may be due to inherently low levels of fungal inoculum during the earliest harvests, since Cappellini et al. (1982) found that early harvested blueberry fruit from various regions had about half the quality defects of late-harvested fruit.
Consequently, fruit from these southern highbush blueberry cultivars maintained the excellent quality required for premium early markets, provided fruits were cooled initially and stored at low temperatures and that exposure to retail conditions (moderate temperatures) was limited to ≈ 4 days. Early market fruit such as these may actually maintain higher postharvest quality than later-ripening fruit, since populations of fungal decay organisms are probably lower during early harvests. Although 'Gulfcoast' had better initial and extended postharvest fruit quality than the current industry standard, 'Sharpblue', a caveat must be noted for its future production.
HortTechnology ž July/Sept. 1992 2(3) Both cultivars exhibited some degree of undesirable pedicel adherence to the fruit or tearing at the stem scar, but 'Gulfcoast' had a consistently higher incidence (data not shown, but observation confirmed by several blueberry researchers in the Southeast). Slower picking techniques, more time spent grading fruit, and/or further research on potential modification ofproduction practices may be required to reduce the incidence of adhering pedicels. 
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Ceponis, M.J. and R.A. Cappellini. 1983 Lang, G.A. and R. G. Danka. 1991a Summary. Hard-to-cook and hardshell are two textural defects associated with storage of legumes, as typified by the common bean. These defects can lead to failure to germinate, extended cooking times, reduced nutritional value, and economic loss throughout the food chain. Although these losses are predominate in tropical climates, beans stored in temperate areas also will harden eventually, depending on temperature and humidity. Hardened beans also often darken, causing further quality losses. Structurally, hard-shell is associated with the seedcoat and failure of water absorption, while hard-to-cook affects the cotyledons, rendering the cells unable to separate during cooking. Hardening of seedcoats during storage has been reported, and a mechanism based on oxidation and polymerization of phenolic compounds is suspected as being responsible, but few details of the hard-shell defect are known. The traditional theory used to explain the hard-to-cook defect is based on enzymatic hydrolysis of phytate, rendering it unable to chelate divalent cations that then migrate to the middle lamella and participate in crosslinking reactions with demethylated pectins. More recent evidence points to a multiple mechanism of bean hardening, with metabolism of phenolic compounds and membrane deterioration also involved. Control of bean hardening has been attempted at all levels of bean production, processing, and consumption. At present, control of storage conditions, manipulation of agronomic factors, and improved cooking techniques seem to be the best strategies to reduce bean hardening. L egumes generally, and the common bean (Phaseolus vulgaris L.) in particular, act as important sources ofprotein and other essential nutrients for most of the world's population. This results from low cost, high agronomic protein yield, and broad consumer acceptability. Beans are grown, harvested, and then stored until consumption. Drying, either in the field or by forced air in silos, to moisture levels of ≈ 10% to 20% is necessary to achieve storage stability. At this point, common beans contain ≈ 20% to 25% protein. Storage may be at the farm or at a central location. The preparation of beans by consumers involves first, a soaking step to rehydrate, and second, a cooking step to: 1) soften the plant tissue so that it is palatable, 2) inactivate heat-labile antinutrients, and 3) aid in the digestion and assimilation of protein and starch.
It is thought that all legume seeds are prone to harden during storage. For the grower this means that some seeds will not germinate and for consumers a prolonged cooking time is needed for beans to achieve suitable softness. While this latter problem may not seem serious, for those of lower socioeconomic status in developing countries where bean consumption is high and most cooking energy is provided by wood fires, hard beans can be a very real hardship. For example, it has been estimated (Hohlberg et al., 1991) that, among the lower income strata of Chile, per capita bean consumption averages ≈ 5 kg per person per year, and the energy cost for food cooking represents as much as 11% of total income. Of additional concern, particularly with respect to child nutrition, is the documented (Hohlberg et al., 1991) reduction of protein efficiency as cooking time is lengthened. Typical data from Chile (Hohlberg et al., 1991) indicatethat, after 10 months storage in conditions where the mean maximum temperature ranged from 14 to 31C and the relative humidity (RH) ranged from 63% to 93%, beans approximately doubled in hardness and in cooking time, while the protein efficiency ratio decreased by ≈ 20% to considerably <1.0. In Fig. 1 , comparisons are given for bean hardening ofsamples stored commercially in Chile and Canada.
Textural defects in grain legumes are not new phenomena; they were
